Background: There is an urgent need for more novel and efficacious therapeutic agents and strategies for the treatment of ovarian cancer -one of the most formidable female malignancies. These approaches should be based on comprehensive understanding of the pathobiology of this cancer and focused on decreasing its recurrence and metastasis. The aim of this study was to evaluate the efficacy of five-year maintenance therapy with indole-3-carbinol (I3C) as well as I3C and epigallocatechin-3-gallate (EGCG) conducted before, during, and after combined treatment compared with combined treatment alone in advanced ovarian cancer. Methods: Patients with stage III-IV serous ovarian cancer were assigned to receive combined treatment plus I3C (arm 1), combined treatment plus I3C and EGCG (arm 2), combined treatment plus I3C and EGCG plus long-term platinum-taxane chemotherapy (arm 3), combined treatment alone without neoadjuvant platinum-taxane chemotherapy (control arm 4), and combined treatment alone (control arm 5). Combined treatment included neoadjuvant platinum-taxane chemotherapy, surgery, and adjuvant platinum-taxane chemotherapy. The primary endpoint was overall survival (OS). Secondary endpoints were progression-free survival (PFS) and rate of patients with recurrent ovarian cancer with ascites after combined treatment.
Background
Ovarian cancer (OC) has long been one of the most difficult and treacherous female cancers, accounting for nearly 150,000 lethal cases annually worldwide [1] . Various estimates put five-year overall survival with advanced OC at 12-42%. Maximal cytoreductive surgery, followed by platinum-taxane chemotherapy (TP and TC regimens) has been standard treatment of OC since 1996. However, 60-80% of such patients relapse in six to 24 months, which requires further chemotherapy and eventually makes the tumor chemoresistant. The relapse with chemoresistant tumors results in grievous complications (ileus, ascites, cachexia) leading to early death.
More effective OC treatment strategies are urgently required to improve survival. They should obviously be focused on minimizing recurrence rate and metastasis and overcoming drug resistance. Accumulating evidence suggests that it cannot be done solely with special regimens of standard chemotherapy [2] [3] [4] , or a combination of conventional chemotherapy and monotargeted antitumor drugs [5] [6] [7] [8] . Targeted antitumor drugs used in a maintenance therapy regimen have recently gained increasing attention as a promising management option for recurrent OC, helping to extend progression-free intervals [9] [10] [11] [12] [13] .
Since the mid-1990s, a new theory behind the nature of cancer has been steadily gaining traction, namely that of a dominating role of cancer stem cells (CSCs), also known as 'cancer-initiating cells' or 'tumor-initiating cells, ' a special rare population of immortal aggressive tumorigenic cells capable of self-renewal and pluripotency. There is a huge array of evidence suggesting that CSCs resistant to conventional chemo-and radiotherapy are responsible for cancer initiation, progression, metastasis, and recurrence, as well as radio-and drug resistance [14] [15] [16] . Superior CSCs resistance to anti-cancer drugs is explained biologically by their hyperexpression of multidrug efflux transporters, antiapoptotic factors, and DNA repair and detoxifying enzymes [16] [17] [18] .
The concept of cancer stem cells has been proven both experimentally and clinically in many cancers, including OC [19, 20] . Ovarian CSCs were confirmed to play a big role in the development of chemoresistance and generation of recurrent and metastatic foci in OC [21, 22] .
Search for and development of drugs inhibiting CSCs is a new unfolding opportunity for targeted antitumor therapy, which can affect the current paradigm of anti-cancer drug development in general. Over the last decade, a lot of work has been done to develop new drugs to target CSCs. There are four known groups of molecular targets for anti-CSCs therapy: 1) cell-surface molecular markers of CSCs; 2) proteins of various signaling pathways, controlling CSCs survivability and differentiation; 3) membrane transporters crucial for CSCs anticancer multidrug resistance, and 4) CSCs cellular microenvironment ("niche") molecular factors [16, 17] . Some of the newly identified compounds that selectively target CSCs have been evaluated in preclinical and clinical studies [17] . Within the broader context of improving the overall suffering and survival of oncological patients, such selective CSCs inhibitors are suggested for concomitant use with conventional chemotherapeutic drugs whose important role is to eliminate bulk tumor cells [23] .
Our сomparative clinical trial investigated the efficacy of long-term maintenance therapy with indole-3-carbinol (I3C) as well as maintenance therapy with I3C and epigallocatechin-3-gallate (EGCG), agents demonstrating multiple antitumor activities, including specifically the inhibition of CSCs. The current study enrolled untreated advanced OC patients.
Methods

Patient population
All eligible women were ≥ 39 years of age with histologically confirmed International Federation of Gynecology and Obstetrics (FIGO) stage III to IV serous epithelial OC (serous carcinoma) defined as high-grade (Grade III) serous carcinoma according to the WHO grading system [24] .
Eligible patients also met the following criteria: Eastern Cooperative Oncology Group (ECOG) performance status ≤ 2; adequate hematologic, hepatic, and renal functions: absolute granulocyte count ≥ 1.5 × 10 3 /mm 3 ; platelets ≥ 100 × 10 3 /mm 3 ; bilirubin, creatinine within normal limits; aspartate aminotransferase (AST) and alanine aminotransferase (ALT) < 2.0 times normal upper limit; AST and ALT < 5.0 times normal upper limit if liver metastases present; absence of significant comorbidities (documented history of gastric/duodenal ulcer or heart attack within the last 12 months; polyneuropathy; decompensated diabetes), and submission of written informed consent.
Ineligibility criteria included BRCA genes mutations, malignancies of other localizations, positive RW or HIV tests, alcohol or drug abuse, pregnancy or lactation, logistical issues (remote residence etc.), or any uncontrolled psychiatric illnesses or conditions potentially hampering compliance and/or monitoring, other severe comorbidities potentially (investigator discretion) affecting the patient's ability to participate in the trial.
All study procedures (the study protocol) were approved by the local Ethics Committee of the Federal State Budgetary Institution "Russian Scientific Center of Roentgenoradiology" (RSCRR) of the Ministry of Healthcare of the Russian Federation and conducted in accordance with the principles of Good Clinical Practice and Declaration of Helsinki. All patients submitted written informed consent at the time of enrollment.
Peritoneal cancer index (PCI) was determined for all patients in the study at screening using data obtained by thoracoabdominal computed tomography to assess the initial tumor spread [25] .
All required procedures were carried out by the same surgical team.
Study design and treatment
To provide maintenance therapy effect estimates, the original plan was to enroll 300 patients, with 60 patients per arm. The target sample size (n = 300) was also determined by the number of eligible patients at RSCRR during 5-year period of patient enrollment from January 2004 through December 2009.
According to the initial protocol, patients were to be randomly assigned to receive combined treatment plus I3C continuously (arm 1), combined treatment plus I3C and EGCG continuously (arm 2), combined treatment plus I3C and EGCG continuously plus long-term platinum-taxane chemotherapy (arm 3), combined treatment alone without neoadjuvant chemotherapy (arm 4), and combined treatment alone (arm 5). In the process of enrollment, it turned out to be problematic to get written consent to randomization from enough advanced OC patients to complete five arms balanced by the number of patients. So the decision was made, after discussion with the RSCRR ethics committee, that patients should be enrolled on the basis of treatment preference (patients' choice). The trial protocol was modified accordingly. As a result, 284 patients were enrolled in January 2004 through December 2009 at RSCRR and treated in accordance with their choice made at the moment of diagnosis (arm 1, n = 46; arm 2, n = 76; arm 3, n = 42; arm 4, n = 40; arm 5, n = 80). Hofmann MA et al. [26] earlier described a similar enrollment issue in a clinical study of advanced melanoma, with the same solution.
According to the modified protocol, all enrolled patients were offered to choose from five treatment options: combined treatment plus twice daily oral administration of 200 mg of I3C continuously (arm 1), combined treatment plus twice daily oral administration of 200 mg of I3C and 200 mg of EGCG continuously (arm 2), combined treatment plus twice daily oral administration of 200 mg of I3C and 200 mg of EGCG continuously plus long-term platinum-taxane chemotherapy, 2-3-month cycles (arm 3), combined treatment alone without neoadjuvant chemotherapy (arm 4), and combined treatment alone (arm 5) (Fig. 1) . Combined treatment included neoadjuvant chemotherapy (NACT) consisting of two to four three-week cycles of TP regimen (1st day: intravenous paclitaxel 175 mg/m 2 with premedication; 2nd day: intravenous cisplatin 75-100 mg/m 2 with hyperhydration) or TC regimen (1st day: intravenous paclitaxel 175 mg/m 2 with premedication; 2nd day: intravenous carboplatin AUC 5), primary surgery (panhysterectomy with subtotal resection of the greater omentum and the maximum removal of disseminated tumor foci), carried out 28 days after the last cycle of NACT, and postoperative adjuvant chemotherapy (ACT) consisted of five to six 3-week cycles of TP or TC regimen performed 14 days after surgery. Platinum-taxane chemotherapy ТР and TC regimen were distributed almost evenly in each arm.
Patients in combined treatment arms 1, 2, 3, and 5 had a high perioperative risk profile or a low likelihood of achieving cytoreduction to < 1 cm of residual disease (ideally to no visible disease). Thus, the combined treatment with NACT was conducted in these arms according to generally accepted international treatment guidelines [27, 28] as well as to Russian Federation treatment guidelines and local RSCRR treatment guidelines for advanced OC. In accordance with RSCRR treatment guidelines for FIGO III-IV OC (Protocol № С56/10, order № 80-о dated 17.08.2010), a large volume of ascitic fluid in the abdomen and СА-125 level more than 500 U/ml are additional criteria for unresectability by primary debulking and presurgery NACT. At screening, the rates of patients with ascites in all arms were about 70% and PCI medians were from 24 to 29 (Table 1) . It was shown earlier that PCI > 10 was positively associated with a poor prognosis for any intra-abdominal and intrapelvic malignant tumor with peritoneal spread, including advanced OC [25, 29] .
The efficacy of NACT was evaluated by CA-125 level dynamics according to the Rustin criterion [30] and by tumor response per RECIST criteria [31] . Clinical manifestations of NACT success were the disappearance of ascites, reduction of tumor foci size, their smaller dissemination that allowed to perform the subsequent surgical operation as completely as possible and to reduce the risk of postoperative complications. The number of NACT cycles (from two to four) depended on time to CA-125 ≤ 35 U/mL, general declining profile of CA-125, general condition, and laboratory and diagnostic data.
The efficacy of ACT was estimated per RECIST criteria [31] in 21 days after the end of the last ACT cycle. The number of ACT cycles (five or six) depended on personal clinical and laboratory characteristics of every patient, namely, residual tumor size, CA-125 level, general condition, and laboratory and diagnostic data.
Maintenance therapy with I3C as well as maintenance therapy with I3C and EGCG started 14 days prior to combined treatment and continued through combined treatment and for 5 years of the follow-up period.
I3С is the active substance of medical drug Indinol [33] .
If the disease progressed (growth of existing or verification of new OC foci), patients were recommended to undergo chemotherapy as per approved protocol, depending on the length of the platinum-free interval (date of last platinum administration to date of progression). If an OC patient relapsed but background factors were beneficial (no ascites, complete cytoreductive surgery, long platinum-free interval, and general satisfactory status), a possibility for secondary debulking surgery was considered. Patients for secondary debulking surgery were selected on the basis of the AGO score developed and validated in DESKTOP I/II trials [34, 35] .
Study endpoints
The primary endpoint was overall survival (OS) defined as the interval between the date of diagnosis and the date of death from any cause. The first secondary endpoint was progression-free survival (PFS) defined as time from random assignment to disease progression per RECIST, clinical progression (per investigator) or CA-125 progression (per GCIG criteria), or death from any cause. The second secondary endpoint was the rate of patients with recurrent OC with ascites after combined treatment within 5 years of follow-up.
Efficacy and toxicity assessment
Primary efficacy analyses included all the intent-to-treat patients. Positron emission tomography-computed tomography (PET-CT) or magnetic resonance imaging (MRI) was performed at baseline and every 3 months throughout the study period. Ultrasonography was performed every month during year 1, and then at least .2) 4 (9.5) 3 (7.5) 6 (7.5) (57) 40 (53) 20 (48) 18 (45) 37 (46) ТС 20 (43) 36 (47) 22 (52) 22 (55) 43 (54) CA-125 level, U/mL at screening every 3 to 4 months during years 2-3 and every 6 months during years 4-5. CA-125 test was performed by a local laboratory monthly during the study. Disease recurrence was defined as an objective clinical diagnosis based on PET-CT and MRI, ultrasonography, physical, or pathological findings. Ascites was detected using ultrasonography, tomographic studies, and intraoperative findings.
Performance status (PS) was measured using ECOG criteria at screening, after combined treatment, and at the end of the study after 5 years of follow-up.
Quality of life (QOL) was assessed at screening, after combined treatment, and at the end of the study after 5 years of follow-up using the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire-C30, version 3.0. The scales and items of the questionnaire were transformed to a scale of 0-100, using a scoring manual [36] . Evaluation of Global health status, Functional status, and assessment of side effects of the treatment (Symptom scales) was conducted. The Functional scales contained questions about the physical, emotional, cognitive, and social functions. The Symptom scales contained questions about side effects of treatment, such as fatigue, nausea, vomiting, pain, dyspnoea, insomnia, appetite loss, constipation, diarrhoea, and financial difficulties. A high score on a Functional scales or Global health status implies good functioning or high QOL, whereas a high score on a Symptom scales indicates a high degree of complaints or disturbance.
Adverse events were monitored continuously and evaluated using National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0 [37] .
Statistical analysis
The planned enrollment of 300 patients (n = 60 patients per arm) was selected to generate maintenance therapy effect estimates. As a result, 284 patients were enrolled in January 2004 through December 2009 at RSCRR and treated in accordance with their choice made at the moment of diagnosis (arm 1, n = 46; arm 2, n = 76; arm 3, n = 42; arm 4, n = 40; arm 5, n = 80), according to the modified protocol.
OS and PFS were estimated by Kaplan-Meier analysis [38] and expressed as median value with corresponding 95% confidence interval (95% CI) and 25th, 75th percentiles. Pearson's correlation coefficients between PFS and OS for all the arms were also calculated.
Multivariate analysis for PFS and OS was performed using Cox proportional hazards model [39] . Hazard ratio (HR), 95% CI, and p-value were calculated for the factors likely to influence the survival rate. The PCI cutoff values were determined on the basis of receiver operator characteristic (ROC) curves.
Chi-square test (χ 2 test) was applied to determine the statistical significance of differences between rates of patients with and without ascites in different arms after combined treatment within 5 years of follow-up, with 95% CIs to be calculated by Klopper-Pearson method. Mann-Whitney U-test, Chi-square test (χ 2 test), and Student's t-test were used to estimate the significance of inter-arm differences in other indicators.
Data were analyzed using Statistica package version 10.0 (StatSoft Inc., USA). The Bonferroni correction was used as appropriate to eliminate the multiple comparisons effect. Multivariate analysis was carried out using SPSS statistical software program, version 20.0 (SPSS Inc., Chicago, IL, USA). For all tests, p-value < 0.05 was taken as the critical level of significance.
Results
Patients
Of 330 eligible screened women with advanced OC, 284 were enrolled between January 2004 and December 2009 at RSCRR and distributed into three maintenance therapy arms and two control arms (arm 1, n = 46; arm 2, n = 76; arm 3, n = 42; arm 4, n = 40; arm 5, n = 80). Chi-square criterion was applied to determine the differences between arms 1-4 vs arm 5 c Student's test was applied to determine mean level, standard deviation, and the differences between arms 1-3 vs arm 5 All differences between arms 1-3 vs arm 5 were statistically significant (p < 0.0001) d
Mann-Whitney U-test was applied to compare the degree of surgery used in arms 1-3 vs arm 5. Degrees of surgery were scored as follows: macroscopic completed resection (no visible tumor foci) -0, optimal debulking (≤ 1 cm) -1, suboptimal debulking (> 1 сm) -2. All differences between arms 1-3 vs arm 5 were statistically significant (p < 0.0001) Baseline demographic and clinical characteristics were well balanced between treatment arms (Table 1 ).
Documented CA-125 level -a widely used marker of response in OC trials -at screening was similar among the treatment arms. Further, at presurgery and after completion of combined treatment (after the last course of ACT), СА-125 readings demonstrated a statistically significant benefit to maintenance therapy arms 1-3 compared with control arm 5 (p < 0.0001) ( Table 1) . At presurgery the mean CA-125 level in arm 1 equalled or was less than the threshold CA-125 value (31.50 ± 5.19 U / ml). CA-level in arms 2 and 3 was a little higher than the normal value and was in so-called "grey scale" (37.9 ± 21.43 U / ml and 42.26 ± 24.5 U / ml, respectively) in comparison with control arm 5 without maintenance therapy (68.70 ± 16.23 U / ml (Table 1) . CA-125 level in control arm 4 without NACT remained still high (581.98 ± 85.07 U / ml).
Importantly, the vast majority of patients (81-85%) from maintenance therapy arms 1-3 had undergone successful complete cytoreduction as primary debulking surgery, in which all visible tumor foci were removed (p < 0.0001). At presurgery moment, patients from arms 1-3 had taken I3C and EGCG agents for 14 days prior to NACT, during NACT, and for a time between the last NACT cycle and surgery. Other patients in arms 1-3 (15-19%) were optimally debulked to ≤ 1 cm. At the same time most patients in control arms 4 and 5 could not be subjected to complete cytoreduction because of lack of technical possibility for such surgery, and so they were optimally debulked to ≤ 1 cm and suboptimally debulked to > 1 cm (Table 1) .
Efficacy
At the time of efficacy analysis, 5 years after combined treatment commencement for the last enrolled patient, 16 patients in arm 1, 28 in arm 2, 11 in arm 3, 19 in arm 4, and 51 in arm 5 had experienced an OS event, while 38 patients in arm 1, 61 in arm 2, 33 in arm 3, 38 in arm 4, and 78 in arm 5 had experienced a PFS event.
Median OS in arms 1-3 was 60.0 months, compared with 46.0 months and 44.0 months in control arms 4 and 5, respectively. Median OS in arms 2+3 (patients receiving I3C and EGCG) was 60.0 months compared with median OS 44.0 months in control arms 4+5 (Fig. 2a, c ; Table 2 ). Median PFS in arm 1 was 39.5 months, in arm 2 -42.5 months, in arm 3 -48.5 months, in arm 4 -24.5 months, in arm 5 -22.0 months. Median PFS in arms 2+3 was 44.0 months and in control arms 4+5 was 23.0 months (Fig. 2b, d ; Table 2 ).
Pearson's correlation coefficients between PFS and OS for arms 1-5 were respectively 0.811, 0.874, 0.805, 0.565 and 0.711, while for arms 2+3 and arms 4+5, respectively, 0.855 and 0.661 (p < 0.05) ( Table 2) .
Multivariate survival analysis performed using Cox proportional hazards model indicated that maintenance therapy with I3C, maintenance therapy with I3C and EGCG, PCI ≤ 25, and FIGO stage III were independent favorable prognostic factors statistically significantly influencing both OS and PFS (p < 0.0001 for all above variables) in advanced OC patients. NACT application and secondary debulking surgery at time of relapse did not have prognostic statistical significance both for OS (p = 0.246, p = 0.930, respectively) and PFS (p = 0.521, p = 0.205, respectively) ( Table 3) . Therefore, in this study maintenance therapy with I3C as well as maintenance therapy with I3C and EGCG were the factors significantly associated with survival in advanced OC patients, after adjustment for such variables as neoadjuvant chemotherapy application, initial tumor spread (PCI), FIGO stage III or IV, and secondary surgery at time of relapse.
After combined treatment within the five-year followup period, patients receiving maintenance therapy with I3C as well as maintenance therapy with I3C and EGCG demonstrated a dramatic decrease in ascites OC recurrences: 8 to 9% in arms 1-3 and 8.5% in arms 2+3, vs 60 and 63% in control arms 4 and 5, respectively, and 61% in control arms 4+5 (Table 2 ). In any comparative combinations, all differences between maintenance therapy arms and control arms were statistically significant (p < 0.0001). The total tumor recurrence rate with and without ascites after combined treatment in arms 1-5 was respectively: 82.6%, 80.3%, 78.6%, 95.0%, and 97.5% (Fig. 1, Table 1 ). The rate of patients without ОС recurrences within 5 years of follow-up in arms 1-5 was respectively: 17.4%, 19.7%, 21.4%, 5.0%, and 2.5% (Table 1) .
Performance status, quality of life and adverse events ECOG PS score at screening was similar in all the five arms (Table 1) , with important statistically significant improvements demonstrated in maintenance therapy arms compared to control in five-year follow-up, 83-88% of surviving patients from arms 1-3 having ECOG scores from 0 to 2, compared to only 55-56% in control arms 4 and 5 ( Table 4) .
The trend was the same in QOL comparative assessments using the EORTC QLQ-C30 questionnaire. All the results on EORTC QLC-C30 performed at baseline, after combined treatment, and at the end of the study are summarized in Tables 5, 6 and 7. While at screening there was no statistically significant difference in EORTC QLC-C30 scores between maintenance therapy arms and control arm 5, the former demonstrated statistically significant improvements in Global Health Status and Functional Status after 5 years of follow-up. Importantly, arm 3 patients, despite being subject to long-term chemotherapy, reported the same elevated Functional Status as compared to control arm 5 as arm 2 patients who were under the same I3C and EGCG regimen but without the long-term chemotherapy.
In this study, the administration of I3C and EGCG did not negatively affected patients' general condition and did not cause any additional adverse events (AEs) beyond the AEs caused by the administration of standard chemotherapy drugs (Table 8 ). All reported treatment-related AEs were stopped independently or by symptomatic therapy. There were no AEs requiring reduction in standard chemotherapy dosages or any changes in the regimen of standard and/or maintenance therapy. There were no cases of discontinuing, or changing the recommended dosages of I3C-and EGCG-containing drugs. There were no treatment-related deaths.
Discussion
Ovarian cancer, also known colloquially among oncologists as the "Silent Killer," still presents a formidable . OS overall survival, PFS progression-free survival, I3C indole-3-carbinol, EGCG epigallocatechin-3-gallate, CT combined treatment with neoadjuvant platinum-taxane chemotherapy, CT* combined treatment without neoadjuvant platinum-taxane chemotherapy challenge. This malignancy remains associated with high rates of morbidity and mortality because it is largely asymptomatic in the early stages, which leads to late diagnosis, while the tumor itself is prone to broad early dissemination, active metastasis, and multidrug resistance emerging after chemotherapy. A great deal of effort is made to improve current conventional treatment of OC. Some interesting promising approaches obtaining encouraging results to manage recurrent OC became known during last years, such as hyperthermic intraperitoneal intraoperative chemotherapy following secondary cytoreduction in recurrent platinum-sensitive OC patients [40, 41] . However, the medical community is not yet in a position to state that, in general, enhancements of conventional treatment methods or combined usage of conventional chemotherapy with modern monotargeted antitumor drugs have translated into tangible and significant progress in improving the outcomes of OC patients [5-8, 42, 43] . Apparently, the main cause of this failure is insufficient and incomprehensive understanding of the cellular and molecular biology of heterogeneous chemoresistant and recurrent ovarian tumors.
In recent years, OC has repeatedly and strongly been described as a cancer stem cell disease [19, 20, [44] [45] [46] [47] . Ovarian CSCs were found experimentally in vitro and in vivo, and clinically in OC patients' primary tumors, ascites and secondary tumor foci [19, 20] . In response to adjuvant chemotherapy with platinum derivatives (in combination with taxanes as well as individually), which effectively eliminated the bulk of ovarian tumor cells, those stem cell phenotype cancer cells not only survived but more than that, proliferated and demonstrated elevated tumorigenic and metastatic activity in vivo [44] , even after a short-term single treatment of conventional chemotherapy [48] . It was also established that in all patients who suffered from recurrent and metastatic OC after conventional treatment, the rate of CSCs in recurrent tumors and ascites was dramatically higher than in their primary tumors, therefore, ovarian CSCs can be considered a prognostic factor for OC relapse [22] . There is evidence on CSC rate correlating with recurrence and survival of patients with early OC [21] . It was shown that OC-associated ascites acts as a great pool of CSCs whose number and tumorigenic activity dramatically increased after standard chemotherapy [49] .
Recently, an independent concept of ovarian CSCs was formulated as part of the overall CSC framework, with a novel ovarian carcinogenesis model leading to a new OC treatment approach based on a combination of conventional chemotherapy drugs with specific ovarian CSC inhibitors [44] . The newly suggested more effective approach to OC management by drug therapy was to target CSCs using specific CSCs inhibitors and kill bulk tumor cells using standard chemotherapy together. There is every reason to believe that the better we understand the regulation of ovarian CSCs activity, the Table 4 ECOG performance status of patients after combined treatment and at the end of the study easier it will be to develop improved therapeutic strategies for recurrent ovarian cancer [50] .
To date, multiple anticarcinogenic activities of unique non-toxic natural compounds I3C, its in vivo metabolite 3,3′-diindolylmethane (DIM) (it is considered that all the basic antitumor properties of I3C are due to those of DIM), and EGCG were comprehensively studied in different malignancies and amply described [51] [52] [53] [54] , including in OC [55] [56] [57] .
These natural agents have been shown to suppress proliferation of tumor cells, selectively induce their cell cycle arrest and apoptosis. They have also demonstrated anti-angiogenic, anti-migratory, anti-metastatic, anti-inflammatory, and anti-oxidant activity, including at the transcription level. I3C and DIM as ligands of aryl hydrocarbon receptors influence phase-I and II carcinogen and xenobiotic metabolism and normalize abnormal estrogen metabolism by increasing the production of less estrogenic 2-hydroxyestrone and thus improving the 2-hydroxyestrone/16α-hydroxyestrone ratio in blood and estrogen dependent tissues. I3C, DIM, and EGCG also have epigenetic antitumor activity inhibiting the key epigenetic enzymes like DNA methyltransferase [58] [59] [60] [61] and histone deacetylase [62] [63] [64] . Today EGCG is considered to be one of the most promising anti-cancer agents with DNA-demethylating epigenetic activity comparable to current FDA-approved DNA-demethylating epigenetic drugs [65] . I3C, DIM, and EGCG can also modulate non-coding miRNA expression profiles, leading to the inhibition of cancer cell growth, induction of apoptosis, reversal of epithelial-mesenchymal transition, or enhancement of efficacy of conventional cancer therapeutics [66] .
It is very important that I3C [67] , DIM [68] [69] [70] , and EGCG [71] [72] [73] [74] were found to be capable of selectively inhibiting CSCs by specifically blocking the key molecular targets responsible for their stemness and chemoresistance, and soluble factors of their proinflammatory niche, determining CSCs tumorigenicity. These targets are: the components of Wnt, Hedgehog, and SHh signaling [75, 76] . It is known that the EMT in cancer cells is associated with CSC's phenotype and their invasive and metastatic activity as well as multidrug resistance. So there is a broad discussion of possibilities related to using these compounds not only as promising chemopreventive agents, but also as effective adjuvants in combined cancer therapy, enhancing the effect of conventional cancer therapies through additive, synergistic effects and amelioration of deleterious side effects, preventing tumor recurrences, and reducing metastasis. In OC, the capacity of EGCG to enhance cisplatin sensitivity was established [77] . I3C, DIM and EGCG were evaluated in many human phase I and phase II clinical trials as potential chemopreventive agents or chemo-radio-sensitizers in human cancers.
In our trial, oral administration of I3C and EGCG as maintenance therapeutic agents in advanced OC has demonstrated dramatic increase in median OS (almost one and a half times) and median PFS (approximately double). HR levels calculated with multivariate Cox regression analysis indicate that long-term maintenance therapy with I3C as well as maintenance therapy with I3C and EGCG are independent favorable prognostic factors statistically significantly associated with increase in OS and PFS after adjustment for some variables, including PCI, having well-known prognostic value in primary advanced OC [25, 29] .
Patients receiving I3C or I3C and EGCG also demonstrated statistically significant dramatic decrease in OC relapses with ascites: 8-9% vs 60-63%. Ascites in OC patients is known to correlate with peritoneal dissemination of OC and unfavorable prognosis [78, 79] .
Recent recognition of a fundamental CSCs role in recurrent OC development and the discovery of metastatically active chemoresistant CSCs in ascites has provided additional support, suggesting that ascites facilitates extensive CSCs peritoneal dissemination and emergence of local recurrences and metastatic foci that are resistant to conventional chemotherapy. The hypothesis therefore is that I3C and EGCG, administered as part of maintenance therapy during and after combined treatment, inhibit ovarian CSCs and thereby dramatically decrease ascites relapse incidence, which in turn results in significantly better survival rates and higher median OS and PFS.
Importantly, the benefit of maintenance therapy with I3C as well as I3C and EGCG was first revealed as early as at the presurgery stage. The vast majority of patients (81-85%) in maintenance therapy arms 1-3 could be subjected to successful complete cytoreductive surgery, in which all visible tumor foci were removed. At the same time there was no technical possibility to do so in most patients from control arms 4 and 5. Thus, the vast majority of patients in control arms 4 and 5 could not be subjected to complete cytoreduction, they were optimally debulked to ≤ 1 cm and suboptimally debulked to > 1 cm. The prognostic significance of residual tumor after primary OC surgery has been recognized worldwide, and several scores were developed with a view to better predict it [34, 80] . We have a good reason to believe that the possibility of more radical surgery in most patients from arms 1-3 can be explained by favorable multiple antitumor effect of I3C and EGCG including their anti-CSCs activity established earlier in numerous studies. At presurgery moment, patients from maintenance therapy arms 1-3 had taken I3C and EGCG agents for 14 days prior to NACT, during NACT, and for a time between the last NACT cycle and surgery. Also, the levels of tumor marker СА-125 were statistically significantly lower in arms 1-3 at presurgery and after combined treatment compared to control (combined treatment alone).
The prolonged administration of I3C and EGCG as maintenance therapeutic agents facilitated a statistically significant improvement in the PS score (Table 4 ) and key QOL scores as per EORTC QLQ-C 30 (Tables 5 and 6 , for references to the prognostic value of QOL and PS see [81] [82] [83] ).
In addition, I3C and EGCG are safe compounds and have not demonstrated any toxicity. In a previous placebo controlled clinical trial, the level of AEs in the group receiving I3C was not statistically significantly different from that in the placebo group [84] . AEs adverse events *Chi-square criterion was applied to determine the differences between arms All differences between maintenance therapy arms 1-3 vs control arms 4 and 5 were statistically insignificant (p > 0.2)
Our comparative clinical study is the first trial that investigates the efficacy of orally administered I3C and EGCG as long-term maintenance therapeutic agents in advanced ovarian cancer. The results of this study should be regarded as preliminary, and the study itself as hypothesis-generating. More blinded randomized trials on larger samples of OC patients in this treatment regimen are required, with adjustments for as many factors possibly affecting survival and the intrinsic biologic response rate as possible. In addition to PCI, FIGO stage, histological type, and grading, one such factor should be how many NACT cycles the patient needed to achieve an optimal therapeutic efficacy evaluated by CA-125 level dynamics and by tumor response per RECIST at presurgery. In our study, some patients needed only 2 cycles of NACT, while others needed 3 or 4 cycles, and the proportion of "two-cycle" patients was higher in maintenance therapy arms 1-3 (84.8%, 85.5%, 85.7%, respectively) than in control arm 5 (68.8%) (data not shown). Our data nevertheless demonstrated that the suggested and documented maintenance therapy, starting before and continued during the combined treatment and subsequently for 5 years of follow-up, can be considered to be a promising effective and safe approach to increase the efficacy of treatment of advanced ovarian cancer.
Conclusions
In summary, we showed that the usage of suggested doses of I3C and EGCG as pharmaceutical agents prior to and during combined treatment included neoadjuvant platinum-taxane chemotherapy, surgery, and adjuvant platinum-taxane chemotherapy with their subsequent long-term administration can be considered a new promising way of providing maintenance therapy to advanced ovarian cancer patients [85] , which achieved much better treatment outcomes, significantly improved patients's survival and quality of life. In the future, these results may contribute to the development of more efficacious and safe treatment approaches and regimens in ovarian cancer and other female reproductive malignancies. 
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